,5-diene - In this study the detailed chemical composition (weight % and peak areas) and antimicrobial activity of R. aromatica, C. camphora and L. scoparium steamdistilled essential oils have been investigated. In particular some commercially available samples and their components have been tested against a series of microrganisms. Accurate GC-FID and GC-MS analyses, with the support of an area normalization procedure, have led to the quantitative and qualitative determination of components, some of them previously unreported. Table 1 reports the qualitative and quantitative composition of the components determined in the three species analyzed. The constituents are listed in order of elution from the SLB-5MS column. In total, 123 compounds were determined. Predominant classes of components were: sesquiterpene hydrocarbons in L. scoparium, with α-copaene (35.9 g/100 g), (E)-caryophyllene (13.1 g/100 g), and others; the monoterpenoid cyclic ether 1,8-cineole was the highest constituent of C. camphora (49.5 g/100g), followed by limonene (34.1 g/100 g); monoterpene hydrocarbons were predominant in R. aromatica with limonene (28.8 g/100 g), sabinene (4.7 g/100 g), and others. With R. aromatica, the quali-quantitative composition determined in this study closely matches that reported by Andrianoelisoa et al. [3a] : major constituents were limonene (27.5%), α-terpinene (9.4%), methyl chavicol (7.2%), linalool (6.5%), sabinene (4.5%) and methyl eugenol ( In particular, L. scoparium was the most effective against B. subtilis (25 mm i.z.), while the other two oils were more effective on S. aureus (23 and 22 mm). S. marcescens underwent pigment inhibition when inoculated with R. aromatica and with the standards estragole and terpinen-4-ol. C. albicans was inhibited by L. scoparium, terpinen-4-ol and estragole, while A. niger underwent only pigment inhibition. MICs (Table 3) were higher (0.089 mg/mL) for C. camphora against B. subtilis, and for R. aromatica and C. camphora against S. aureus. Very low MIC values were observed for L. scoparium against S. aureus, along with α-terpinene and terpinen-4-ol. S. marcescens was inhibited by terpinen-4-ol at a concentration of 0.0089 mg/mL. The lowest MIC toward C. albicans was 0.0089 mg/mL, shown by terpinen-4-ol and estragole. Finally, as concerns A. niger, MIC values were 0.089 mg/mL except for L. scoparium that did not inhibit the growth; the lowest MIC observed was for terpinen-4-ol (0.0089 mg/mL).
Experimental
Samples: Essential oils of Leptospermum scoparium, Ravensara aromatica and Cinnamomum camphora were supplied by EOU (Essential Oil University), USA. The genuineness of the oils was certified by PhD chemist dr. Robert Pappas, who is responsible for the company management; the oils were directly imported from the growers. 
Analysis of exotic oils
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Analysis: GC-FID analyses were carried out by means of a GC-2010 (Shimadzu) equipped with a 30 m x 0.25 mm I.D. x 0.25 μm d f SLB-5MS column (Supelco). Oven temperature program was from 50°C to 250°C at 3°C/min, held 5 min. Injection took place in split mode, with a split ratio of 50:1; volume injected was 1.0 μL (oils diluted 1:10 in n-hexane). Both injector and FID temperatures were set at 280°C. Carrier gas used was helium, at 30.1 cm/s and a pressure of 99.8 kPa. Data were processed by GCsolution software (Shimadzu). GC/MS analyses were carried out with a GCMS-QP2010 system (Shimadzu). GC parameters were the same as those used for GC analysis. MS conditions were: Temperatures of ion source and interface 200°C and 250°C, respectively; scan interval 0.25 s and mass range 40-400 m/z. Data handling was performed by the software GCMSsolution ver. 2.5 (Shimadzu) .
The GC-MS system was provided with commercial databases containing reference spectra coming from natural products, flavors and fragrances [9c, 10, 11] .
Quantitative analysis was carried out by means of the internal standard method along with area normalization with response factors. The procedure utilized has been consolidated by previous work [12, 13] , here briefly reported for better comprehension of the results obtained. In particular, the following equation was utilized:
where C is analyte concentration, A x is analyte peak area, f x is its response factor and Σ A f is the summation of the products of each analyte peak area for the relative response factor. In their turn, response factors were measured based on chemical groups, in consideration of the unavailability of all the components determined as commercial reference standards. Therefore, one or more chemical standards for various chemical groups (alcohols, monoterpenes, sesquiterpenes, ketones, furans) were chosen, then injected at 5 different concentrations, 5 times for each concentration. This allowed the build up of a 5 point calibration curve. Each value referred to nonane, as internal standard, which was added to each solution up to a final concentration of 10.05 g/100 mL. For a better comparison with published data, % composition was also reported coming from the raw peak areas of chromatograms.
Antimicrobial activity:
The whole oils and some standard compounds (present as constituents of the oils) were tested by means of the aromatogram technique against 10 microrganisms. The aromatogram is a test for antibacterial activity of essential oils in which the oil is introduced into a Petri dish containing bacteria. A clear zone indicates the bactericidal activity of the oil [14] .
Standards were α-terpinene, terpinen-4-ol, methyl chavicol, p-cymene, γ-terpinene, α-copaene, (E)caryophyllene, sabinene, limonene, (+)-α-pinene, β-pinene, 1,8-cineole, (-)-α-pinene. Standards were chosen on the basis of both market availability and quantity of the analyte in the original matrix. Eight stocks were used for testing: Pseudomonas aeruginosa, Escherichia coli, Bacillus subtilis, Staphylococcus aureus, Proteus mirabilis, Serratia marcescens, Klebsiella pneumoniae, and Pseudomonas cepacia. Two mycetes were also used: Candida albicans and Aspergillus niger. Oils and standards brought to room temperature were tested for antibiosis using the following culture media: Mueller Hinton Agar (MHA) for bacterial stocks, and Sabouraud Dextrose Agar (SDA) for mycetes. Each stock was inoculated in Triptyc Soy Broth (TSB) and thermostatted for 18-24 hours at 37°C. Mycetes were sown in SDA and kept at 30°C for 2-5 days. Growth inhibition (Kirby-Bauer method) was evaluated after incubation at 37°C for 24 h of the agar media inoculated with germs and covered with 10 μL of each oil/standard. Candida and Aspergillus were incubated at 30°C for 24-48 h and 5 days, respectively. The zones of inhibition were then measured in mm. The Minimum Inhibitory Concentration (MIC) was also evaluated by incremental dilution of oil samples and standards within the range 10 -1 -10 -4 .
